Case presentation
=================

A 28-year-old woman without a relevant clinical history sought medical care in the 36th week of gestation. She reported muscle spasms and reduced muscle tone of the lower limbs in the past 2 weeks, accompanied by episodes of falling. Profuse, continuous sweating in the upper trunk caught our attention on physical examination, as did the presence of myoclonic twitches in the lower limbs. Anterior neck flexion caused pain resembling an electric shock at the C4--C5 level (Lhermitte's sign). No focal neurological signs or alterations in strength or sensitivity were observed. The patient was admitted for observation. Laboratory tests for metabolic, infectious, or autoimmune causes of myelopathy revealed no abnormality.

Four days later, there was rapid progression of dysautonomia characterized by tachycardia and sweating, in addition to hyperventilation leading to respiratory alkalosis and metabolic acidosis. Given the risks of fetal acidosis, an emergency cesarean section under general anesthesia was performed, with extraction of a healthy newborn. Complete reversal of the patient's symptoms was observed on the day after delivery, although no specific treatment had been performed. Contrast-enhanced magnetic resonance imaging (MRI) performed on the fifth postpartum day showed a tumor suggestive of hemangioblastoma in the thoracic spine (T11--T12), accompanied by hydrosyringomyelia and edema from C4 to the bulbopontine transition ([Figure 1A and B](#f1-ijwh-10-325){ref-type="fig"}). In view of the significant improvement of symptoms, the patient was discharged to outpatient follow-up. Imaging control performed 55 days later showed a reduction in the size of the tumor and complete remission of bulbomedullary edema ([Figure 1C and D](#f1-ijwh-10-325){ref-type="fig"}). The clinical stability observed after delivery permitted breast-feeding and planning for elective surgery, which was performed without complications 8 months after the birth of the child. Histopathological analysis confirmed the diagnosis of hemangioblastoma ([Figure 1E](#f1-ijwh-10-325){ref-type="fig"}), and immunohistochemistry was negative for estrogen and progesterone receptors ([Figure 1F](#f1-ijwh-10-325){ref-type="fig"}).

Literature review
=================

A survey was conducted in PubMed, SciELO, and LILACS databases. We searched for articles using the keywords "hemangioblastoma" AND "pregnancy"; "spinal tumor" AND "pregnancy"; "von Hippel--Lindau" AND "pregnancy"; and "spinal cord hemangioblastoma" AND "pregnancy," with no restrictions on language or date of publication. Articles that did not mention the histological examination of hemangioblastoma, that did not specify the spinal location of the hemangioblastoma, or not evaluate their effect on pregnancy were excluded. The reference lists of selected articles were hand-searched for other publications relevant to the review. Our research revealed eight articles directly related to the evolution of spinal hemangioblastomas during pregnancy, which were included in the discussion.

Discussion
==========

Hemangioblastomas are rare tumors of the spinal cord that account for only 2% of all spinal tumors.[@b1-ijwh-10-325] In non-pregnant patients, spinal hemangioblastomas grow slowly, so small and asymptomatic tumors are managed only by serial observation. In symptomatic patients, surgery or radiotherapy is the main treatment and, recently, the use of antiangiogenic drugs has been considered. The case reported here is important because it suggests an alternative approach to the management of symptomatic spinal hemangioblastomas in pregnant women. If the increase in tumor size was secondary to the transient modifications imposed by pregnancy, medically indicated delivery may be an alternative in term pregnant women, avoiding or postponing surgery to a more convenient time.

The observation that some spinal tumors have their first manifestation in late pregnancy, followed by spontaneous resolution after delivery, is not new. In 1958, Newman[@b2-ijwh-10-325] focused on spinal angiomas and drew attention to sudden-onset neurological symptoms in the third trimester, with resolution after delivery "as if by a miracle," followed by recurrence in subsequent pregnancies. The growth of these tumors would be explained by an increase in venous pressure caused by the enlarged uterus and by the effect of estrogen and progesterone on the walls of tumor blood vessels. In Newman's view, regardless of the mechanism involved, the clear correlation between childbirth and clinical improvement, as well as recurrence in future pregnancies, made a causal rather than merely random relationship much more plausible.[@b2-ijwh-10-325]

Hemangioblastomas are much less common spinal tumors than angiomas and little is known about their behavior during pregnancy. In a retrospective study, Frantzen et al[@b3-ijwh-10-325] observed significant growth of cerebellar hemangioblastomas during pregnancy in women with von Hippel--Lindau (VHL) disease, but the small number of cases in the sample did not permit conclusions to be drawn about the evolution of spinal-located tumors. In another study, Ye et al[@b4-ijwh-10-325] prospectively evaluated a series of women with a diagnosis of VHL disease and found no significant influence of pregnancy on the growth or appearance of new hemangioblastomas in the CNS.

Reviewing the literature, we found only two reports of an association of pregnancy with sporadic hemangioblastomas, ie, not associated with VHL disease.[@b5-ijwh-10-325],[@b6-ijwh-10-325] Ortega-Martínez et al[@b5-ijwh-10-325] reported the case of a woman with multiple filum terminale hemangioblastomas in the absence of any other evidence of VHL disease, in which pregnancy triggered neurological symptoms that disappeared after the interruption of pregnancy. This evolution is similar to that observed in the present report, suggesting that, at least in some cases, the hemodynamic and hormonal changes of pregnancy can cause an increase in tumor growth -- or in the surrounding edema -- triggering acute neurological symptoms that are reversible after the completion of pregnancy.

Several hypotheses have been proposed in an attempt to explain this phenomenon. According to the first hypothesis, rapid expansion or engorgement of the vascular beds during pregnancy could cause rapid enlargement of this highly vascular tumor. This is considered presumably to be the result of a generalized increase in circulating blood volume as well as the tendency to retain extracellular and intracellular fluid during pregnancy. Another hypothesis includes direct (pregnancy-related) hormonal effects on tumor growth rates, mediated by hormonal receptors. A third theory suggests involvement of proangiogenic growth factors[@b7-ijwh-10-325]. In the present case, immunohistochemical evaluation of the tumor was negative for both estrogen and progesterone receptors, a finding that makes it unlikely that these hormones played a direct role in the increase in tumor size. The effect of placental growth factors cannot be ruled out in the case reported here. Laviv et al analyzed the involvement of placental growth factor (PlGF) and its receptor vascular endothelial growth factor receptor-1 (VEGFR-1) in processes that can lead to accelerated growth of hemangioblastoma during pregnancy. Their high specificity and their unique lack of any detrimental impact on other relevant physiological processes make them attractive objects for future study on therapeutic interventions since side effects are expected to be minimal.[@b7-ijwh-10-325] In the present case, considering the rapid reversal of symptoms after delivery, we believe that the main mechanism was hemodynamic. The pressure increase in the vena cava would be transmitted to the paravertebral veins, favoring the formation of peritumoral edema.[@b8-ijwh-10-325] This hypothesis is compatible with the finding of a moderate reduction in tumor size, but complete disappearance of bulbopontine edema, on the control MRI ([Figure 1D](#f1-ijwh-10-325){ref-type="fig"}). A limitation of our case report is that no MRI was performed before delivery, when the edema may have been larger than on the fifth postpartum day, a time when the patient had almost no symptoms. Gormeli et al[@b6-ijwh-10-325] described the case of a woman at 30 weeks of gestation with sudden-onset paraplegia due to bleeding from a spinal hemangioblastoma. These findings support the importance of immediate imaging evaluation of pregnant women with sudden-onset neurological symptoms.

Symptomatic spinal hemangioblastomas are extremely uncommon in pregnant women and the ideal treatment is not well established. In our opinion, serial follow-up by a multidisciplinary team is preferable for women with mild symptoms. On the other hand, severe or sudden-onset neurological symptoms remote from term require a neurosurgical approach that should consider the peculiarities of pregnancy, such as the limitation of ventral decubitus, tissue hypervascularization, and the increased risk of thromboembolism. Based on the arguments presented, we suggest that medically indicated delivery be considered in women with severe neurological symptoms at or near to term, postponing surgery to a time with less intraoperative and postoperative risk.

Written informed consent was obtained from the patient for publication of this case report and accompanying images.
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![Imaging and histological findings of spinal hemangioblastoma during puerperium.\
**Notes:** (**A, B**) MRI presentation of the tumor in the immediate postpartum period. (**A**) Contrast-enhanced T1-weighted sagittal section showing a hyperintense solid nodule at D11--D12 (white arrow). Tumor volume of 1.7 cm^3^. (**B**) T2-weighted sagittal section showing bulbocervical edema (\*) and extensive hydrosyringomyelia (dotted white arrow). (**C**, **D**) MRI presentation of the tumor after 55 days. (**C**) Reduction in tumor size (tumor volume of 1.0 cm^3^) but showing the same image characteristics: intense contrast enhancement (solid white arrow). (**D**) Same caudal and cranial hydrosyringomyelia at C3 (dotted white arrows) but complete disappearance of medullary edema (\#). (**E**) Histopathology (H&E) showing vascular proliferation surrounded by stromal cells with clear nuclei, a characteristic feature of hemangioblastoma (total magnification: 400×). (**F**) Immunohistochemical staining that was positive for inhibin in stromal cells and negative for estrogen and progesterone receptors (the positivity for estrogen and progesterone receptors would be demonstrated by brown staining in the cell nuclei; total magnification: 400×).\
**Abbreviation:** MRI, magnetic resonance imaging.](ijwh-10-325Fig1){#f1-ijwh-10-325}
